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Exhibit 4 



December 15, 1999 



Liz Reed 

Biosensors 2000 Conference Secretariat 

Elsevier Science 

The Boulervard 

Langford Lane 

Kidlington 

Oxford, 0X5 1GB 

UK 

Dear Ms. Reed: 

Please find enclosed two original copies of our abstract "Reagentless and 
Regenerable Sensors on Beads" which was originally submitted at the conference 
website for your consideration for the Biosensors 2000 conference. 

Sincerely, 



Tione Buranda, Ph.D. 



Reagentless and Regenerable Sensors on Beads 

Tione Buranda,^'^* Toban Robledo,^ Gabriel P. Lopez,^ and Larry A. Sklar.^'^ 
^Cytometry Laboratory, Cancer Center and Department of Pathology, University of New 

Mexico School of Medicine, and ^Department of Chemical and Nuclear Engineering, 
University of New Mexico, Albuquerque, NM 87131 

We have taken a mechanistic approach to the development of a real-time, regenerable, 
multi-analyte sensors on beads. The detection scheme depends on fluorescence 
resonance energy transfer (FRET) to report the recognition of target analytes on glass 
bead supported lipid bilayers. Fluorescein and Texas red conjugated streptavidins 
assembled on lipid bilayers act as universal bearers of target biotinylated ligands and 
receptors. The diffusive encounter between ligand- and receptor-bearing streptavidins 
leading to recognition and attachment of the ligand/receptor pair, puts the FRET D/A pair 
in close proximity which triggers the FRET signal. Subsequently, a target analyte of 
higher affinity than the tethered pair is expected to dissociate the species thereby enabling 
the diffusive separation of the FRET donor acceptor pair and FRET is diminished. We 
have used this approach to display a series of ligands and receptors thus demonstrating 
the functionality of the modular components of the FRET scheme. We are currently 
attempting to resolve the remaining issues of optimization and geometrical constraints 
(lengths of tether of ligand receptor moieties with respect to Ro) of the ligand receptor 
pair. We have also used streptavidin coated polystyrene beads as platforms for the 
detection of FLAG epitope (DYKDDDDK) tagged proteins using a combination of 
biotinylated and fluorescently tagged peptides and antibodies. In this scheme, we have 
used flow cytometric methods to detect and quantify the binding of model FLAG epitope 
tagged proteins on beads with kinetic resolution. This detection scheme has the 
advantages of sensitivity, kinetic resolution, etc. over existing methods such as ELISA. 
In addition, the element of regeneration has been incorporated into the scheme when used 
with Ca^^ sensitive ligand receptor pairs (e.g. the FLAG peptide/Ml antibody pair): 
Where the addition and removal (with EDTA) of the cation can be used to regenerate the 
sensor. The results provide a general framework for understanding the factors which 
influence the practical needs of light-based sensors. 

Key Words: 

Fluorescence, Energy transfer, lipid bilayers, epitope tags. 
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ANNUAL PROGRESS REPORT 
01 June 1999-31 May 2000 

GRANT NUMBER : N00014-95-1315 

GRANT TITLE : Integrated Multi-Analyte Chemical Microsensors 
PRE^ICIPAL EWESTIGATOR : Prof. G.P. Lopez (e-mail: gplopez@unm.edu) 
PI E^ISTITUTION : University of New Mexico 
AWARD PERIOD : 15 September 1995 to 14 September, 2000 
REPORTE^IG PERIOD : 01 June 1999-31 May 2000 

OBJECTIVE : The broad objective of this work is to develop technologies that will enable the development 
of receptor-array based chemical sensors for the simultaneous monitoring of many chemical and biological 
analytes in aqueous environments. Specific aims toward this end include the development of: (1) model 
ligand-receptor systems; (2) reagentless molecular transduction systems based on fluorescence and 
electrochemical phenomena; (3) modular molecular assemblies that display the biomolecular systems 
described in 1 and 2 in a background of highly hidrated oligomers and polymers that inhibit nonspecific 
adsorpton and cellular attachment and thus allow sensing in complex aqueous environments; (4) methods 
for forming arrays of these modular molecular assemblies that allow the creation of multi-analyte sensor 
arrays; (5) optical instrumentation for highly sensitive, reliable, real-time transduction of these sensor 
arrays, including those based on established (i.e., SPR based) and new (i.e., fluorimetry- and 
electrochemistry-based) techniques; and (6) the application of data processing techniques for maximizing 
the information content and reliability of sensor output. 

APPROACH : Our approach relies on a synergistic multi-disciplinary research team comprising researchers 
from the broad range of scientific fields necessary to tackle the important problem of reliable real-time 
detection and monitoring of multiple chemical and biological analytes in natural aqueous environments. 
These scientific disciplines include biochemistry, bioengineering, synthetic organic, analytical, physical 
and materials chemistry, chemical engineering, mechanical engineering, physics and optical engineering. 
Scientists and engineers from these disciplines have teamed into subgroups to address each of the specific 
objectives detailed above. Each of these subgroups include researchers from a wide range of levels of 
experience, including principal investigators, postdoctoral personnel, graduate students and undergraduate 
students. This teaming process has maximized the educational benefits of this research endeavor. 

ACCOMPLISHMENTS ( last 12 months ): 

• Development of a method for facile layer-by-layer synthesis of functionalizable, non- fouling 
assemblies on oxide and gold surfaces for biospecific interaction. 

• Established protocols for incorporating Fab and (Fab)2 antibody fragments into molecular assemblies, 
fluorescent tagging of proteins, and site specific biotinylation of whole antibodies (e.g. Fc portion 
labeled with biotinyl azide; attaching biotin to the SH hinge group on cleaved Fab fragments). 

• Development of a reagentless method for detecting protein binding to surfaces based on incorporation 
of protein sensitive fluorophores into biospecific surface molecular assemblies. 

• Fabrication of microchannels in elastomeric materials using photolithography and thick photoresists. A 
rapid prototyping protocol has been used to create microfluidic systems to pattern receptor proteins for 
SPR and fluorescence based array biosensors. These systems have also been used in the creation of 
microaffinity columns that can be monitored by a multichannel steady state/time domain detection 
system. 



• Demonstration of a multichannel spectroscopic SPR imaging system for multi-analyte biosensing. 
Binding patterns of receptor arrays fabricated using microfluidic systems were studied. 

• Study of diffusive mixing in microchannels of different geometries with the aim of developing 
methods for rapid mixing and reaction in low Reynolds number flows. 

• Development of rapidly prototypable active microfluidic systems based on magnetically modified 
elastomeric materials and magnetic actuation circuits. 

• Examination of geometrical constraints in development of molecular assemblies based on FRET and 
development of methods to resolve limitations of donor-acceptor proximity through overlabeling of 
receptors and optimization of tether lengths. 

• Development of methods for displaying mobile receptors on lipid bilayer coated microspheres and 
demonstration of their activity. Receptor proteins include those used in construction of biomolecular 
assembles (e.g. avidin), antibodies, and cell surface receptors (e.g., ICAM-1). 

• Development of a FRET / bead based assay to detect FLAG tagged proteins. 

• Development of FRET based assays in microfluidic channels using flow cytometry calibrated beads as 
well defined platforms for molecular assembly and high surface area detection. Demonstrations 
included analysis of FLAG peptides in serum. 

• Development of a robust and efficient synthetic methods for covalently linking DNA to glass and gold 
surfaces. This method provides enhanced reproducibility, uniformity and stability of immobilized 
DNA when compared to other approaches, especially those used to form DNA microarrays. 

• Development of versatile microarraying instrumentation for the creation of two dimensional arrays of 
protein, DNA, and porous materials for use in multi-analyte sensing. 

• Development of methods for rapid fabrication of patterned functional nanostructures via direct writing 
and printing. 

• A new, viologen-containing, carboxylic acid-terminated thiol has been synthesized 
[HSCH2(CH2)9CH2-V^^-CH2C02H, where V = 4,4'-bipyridyl, abbreviated to VT] in four steps and has 
been characterized by and ^^C NMR, and LR-MS. Monolayers of the VT on bulk gold electrodes 
showed poorly defined electrochemical response, which is probably due to disorder and poor packing 
of the VT in the monolayer surface. 

• Electrochemical studies have been performed on the VT molecule in mixed SAMs with 11- 
hydroxyundecanethiol (HUT), diethylene-glycol-terminated undecanethiol (EG-2), triethylene-glycol- 
terminated undecanethiol (EG-3), and hexaethylene glycol-terminated undecanethiol (EG-6) on a bulk 
gold electrode; these studies show greatly improved electrochemical response compared to the pure 
VT monolayer. Non-specific adsorption of proteins to mixed monolayers of VT and HUT exhibit a 
significant (100 mV) shift in the redox potential for the viologen moiety; mixed monolayers composed 
of VT and EG-3 did not exhibit non-specific adsorption of protein based on electrochemical data. 

• Ternary SAMs composed of VT and a biotin-terminated thiol diluted with EG-2, EG-3, or EG-6 have 
been prepared on a bulk gold electrode and characterized by electrochemistry, ellipsometry and XPS. 

• Binding of antibiotin to these ternary SAMs results in a significant potential shift (>50mV) and a 
dramatic decrease in the current, but the binding of antibiotin is only partially reversible in the 
presence of free biotin. No measurable shift in the redox potential was observed when the ternary 
monolayers were exposed to biotin-blocked antibiotin. Parallel experiments have been performed 
utilizing SPR transduction which confirm the binding of antibiotin to the ternary monolayers and the 
incomplete dissociation of antibiotin in the presence of free biotin.These experiments demonstrate that 
it is possible to use voltammetric techniques to transduce the biospecific recognition of antibiotin with 
surface -bound biotin in a viologen-containing monolayer surface. 

• Developed and implemented a phasefluorimetry-based multichannel detection system (sixteen 
channels, extensible to 63 channels) for fluorescence lifetime-based chemical/biological sensor arrays. 
The multichannel detection system has been tested with different types of chemical/biological sensor 
arrays (including chip-scaled arrays) and has been shown to be suitable for low resolution lifetime 
imaging. 

• The multichannel detection system has been developed to monitor fluorescence lifetime changes in 
microfluidic channel-based chemical and biosensors and has been used to investigate laminar-flow- 
based diffusion mixing in microfluidic channels. 
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• Established the basis of a new lifetime -based flourescence detection technique which we call frequency 
fluorimetry. Designed, implemented, and tested an optoelectronic prototype for this detection 
technique for proof-of-concept purposes. The design is scalable for monitoring sensor arrays. 

• Performed experiments to test new data processing techniques to increase the signal to noise ratio of 
the imaging-based Surface Plasmon Resonance array sensor platform. 

• A fluorescence lifetime/intensity based scanning microscope has been designed and developed to 
image 2-D biosensor arrays. The unit has a spatial resolution down to diffraction limit and sensitivity 
down to single molecule levels. The field of view can be varied from few microns to several 
millimeters depending on the application. Image acquisition time per pixel can be as short as 100 
micro seconds. Monolayer sensor arrays based on Alexa fluorophore labeled proteins could detect the 
presence of a test analyte, as seen from the lifetime images acquired by the unit 

• The relaxation dynamics of surface plasmons in gold were studied in order to improve the 
understanding of surface plasmon interaction with the local environment for sensor applications. 
Surface plasmon resonance was used as a sensitive technique to detect pump induced changes in the 
dielectric constant of the order of 10"^. The use of surface plasmon resonance allows discrimination 
between changes in the real and imaginary part of the dielectric constant and therefore allows to 
monitor changes in the imaginary part directly. The thermalization of the excited electron gas has been 
observed directly. The electron-phonon relaxation has been monitored. 

SIGNIFICANCE : This work will enable (1) field-deployable instrumentation for the simultaneous 
detection and monitoring of multibple aqueous analytes in real time; and (2) the development of new 
analytical methods for study of biomolecular and cellular interactions with synthetic surfaces. 

WORK PLAN (next 3 months) : In the final few months of this research program, we will complete the 
demonstrations and testing of the sensors systems described above to fulfill the objectives outline in the 
original and renewal proposals. 

PUBLICATIONS, ABSTRACTS, TECHNICAL REPORTS, PATENTS, AND AWARDS (last 12 

months): 

Publications 

"Rapid Prototyping of Active Micro fluidic Components Based on Magnetically Modified Elastomeric 
Materials," Jackson, W.C.; Tran, H.D.; O'Brien, M.J.; and Lopez, G.P. J. Vac. Sci. Tech. B 
(accepted pending revision). 

"The Use of Self- Assembled Monolayers (SAMs) of Different Wettability to Study Surface Selection and 
Primary Adhesion Processes of Zoospores of the Green Alga EnteromorphaJ' Callow, M.E.; Callow, 
J.A.; Ista L.K., Coleman. S.E.; Nolasco. A.C.; and Lopez, G.P. Applied and Environmental 
Microbiology (in press). 

"A Generalizable Fluorescence Biosensing Strategy Based on Energy Transfer Between a Metal Surface and 

Fluorescently-Labled Receptors," Perez-Luna, V.H; Yang, S.; Rabinovich, E.; Hampton, P.D.; Lopez, G.P. 
Anal. Chem. (submitted). 

"A Surface Plasmon Resonance Array Biosensor Based on Spectroscopic Imaging,", O'Brien, M.J.; Perez- 
Luna, V.H.; Brueck, S.R.J.; Lopez, G.P.; Biosensors and Bioelectronics (submitted). 

"Rapid Prototyping of Patterned Functional Nanostructures," Fan, H.; Lu, Y.; Stump, A.; Reed, S.T.; Baer, 
T., Schunk, R.; Prez-Luna, V.; Lopez, G.P.; Brinker, C.J. Nature, 2000, 405, 56-60. 

"Phase -sensitive Multichannel Detection System for Chemical and Biosensor Arrays and Fluorescence 
Lifetime-based Imaging," Rabinovich, E., O'Brien, M.J., Brueck, S.R.J. , and Lopez, G.P. Rev. Sci. 
Instr., 2000, 71, 522-529. 

"Molecular Recognition Between Genetically-Engineered Streptavidin and Surface Bound Biotin," Perez- 
Luna, V.H.; O'Brien, M.J.; Opperman, K.A.; Hampton, P.D.; Lopez, G.P. J. Am. Chem. Soc, 1999, 
121, 6469-6478. 

"Multifunctional Monolayer Assemblies for Reversible Direct Fluorescence Transduction of Protein- 
Ligand Interactions at Surfaces," Sekar, M.M.A.; Hampton, P.D.; Lopez, G.P. J. Am. Chem. Soc, 
1999, 121, 5135-5141. 
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"Peptides, Antibodies, and FRET on Beads in Flow Cytometry: A Model System Using Fluorescienated 
and Biotinylated |3-Endorpliin," Buranda, T.; Lopez, G.P.; Keij, J.; Harris, R.; Sklar, L.A. Cytometry, 
1999, J7, 21-31. 

"Surface-Grafted, Environmentally Sensitive Polymers for Biofilm Release," Ista, L.K.; Perez-Luna, V.H.; 

Lopez, G.V.Appl and Environ. Microbio., 1999, 65, 1603-1609. 
"Ligand-Receptor Dynamics at Streptavidin Coated Particle Surfaces: A Flow Cytrometric and 

Spectrofluorimetric Study," Buranda, T.; Jones, G.; Nolan, J.P.; Keij, J.; Lopez, G.P.; Sklar, L.A. J. 

Phys. Chem., 1999, 103, 3399-3410. 
"Enhancing IR Detection Limits for Trace Polar Organics in Aqueous Solutions With Surface-Modified 

Sol-Gel-Coated ATR Sensors, Han, L;. Niemczyk, T.M.; Halland, D. M; Lopez, G.P. Appl. 

Spectroscopy, 1999, 53, 381-389. 
"Surface Plasmon Resonance Measurement of Binding and Dissociation of Wild-Type and Mutant 

Streptavidin on Mixed Biotin-Containing Alkylthiolate Monolayers," Jung, L.S.; Nelson, K.E.; 

Campbell, C.T.; Stayton, P.S.; Yee, S.S.; Perez-Luna, V.H.; Lopez, G.P. Sens. andActuat. B, 1999, 

54, 137-144. 

"SPR Biosensors: Simultaneously Removing Thermal and Bulk Compositional Effects," O'Brien, M.J.; 

Brueck, S.R.J.; Perez-Luna, V.H.; Tender, L.M.; Lopez, G.P. Biosens. & Bioelec, 1999, 14, 145-154 . 
"Two-Dimensional Patterning of Proteins," Yang, S.; Perez-Luna, V.H.; Lopez, G.P. In Protein 

Architecture: Interfacing Molecular Assemblies and Immobilization Biotechnology, Marcel Dekker, 

1999. 

"Nanotechnology," Vaidya, R.; Lopez, G.P.; Lopez, J.A. In Kirk and Othmer's Encyclopedia of Chemical 

Technology, John Wiley and Sons (in press). 
"Nanotechnology," Vaidya, R.; Lopez, G.P.; Lopez, J.A. In: The Concise Encyclopedia of Chemical 

Technology, 4^ Ed., pp. 1341-1343. John Wiley and Sons, 1999 (this chapter is a condensed version 

of the one listed above). 

"Patterned Functional Arrays by Selective De- Wetting," Fan, H.; Doshi, D., Lu, Y., Lopez, G.P., and 
Brinker, C.J. \nMat. Res. Soc. Symp. Proc, Vol. 628, 2000, CC6.33.1-CC6.33.6. 

"Surfactant Templated Mesoporous Hybrid Thin Films," Fan, H.; Lu, Y.; Assink, R.A.; Lopez, G.P., and 
Brinker, C.J. InMat. Res. Soc. Symp. Proc, Vol. 628, 2000, CC6.41.1-CC6.41.6. 

"Compact Phase -Sensitive Multichannel Detection System with Array Measurements of Biosensor Chips," 
Rabinovich, E.M.; O'Brien, M.J.; Brueck, S.R.J. ; Yang, S; Perez-Luna, V.H.; Lopez, G.P. In 
Progress in Biomedical Optics, Proc. of SPIE, 2000, I, 181-185. 

"Hierarchically Structured Functional Porous and Composite Mesostructures Produced by Evaporation- 
Driven Self- Assembly," Fan, H.; Reed, S.T.; Baer, T.; Schunk, R.; Lopez, G.P.; Brinker, C.J. Micro. 
Meso. Mater, in press. 

"Sheath Fluid Control to Permit Stable Flow in Rapid Mix Flow Cytometry," Seemer, L.C.; Kuckuck, F.; 
Sklar, L.A. Cytometry, 1999, 35, 75-79. 

Abstracts 

"Reagents, Molecular Assemblies, and Instrumentation for Multi-Analyte Biosensor Arrays," Lopez, G.P. 

Invited seminar presented at The University of Washington, Department of Bioengineering, Seattle, 

Washington, June 2, 1999. 
"Studies on Biofilm Resistance, Formation and Release on Model Solid Surfaces," Lopez, G.P. 

Presentation at the 1999 ONR Biofouling and Hull Coatings Review, Arlington, Virginia, August 2, 

1999. 

"Molecular Thin Film Assemblies for Reversible Fluorescence-Based Biosensors," Lopez, G.P. 

Presentation at the American Institute of Chemical Engineers 1999 Annual Meeting, Dallas, Texas, 
November 5, 1999. 

"Strategies and Instrumentation for Optics-Based Biosensor Arrays," Lopez, G.P. Invited Presentation at 
the Defense Advanced Research Projects Agency Workshop on Biophotonics, Arlington, Virginia, 
March 14, 2000. 

"Streptavidin in Molecular Assemblies for Optics-Based Biosensors: Implications and Applications," 
Lopez, G.P., Buranda, T. Sklar L.A. Invited Presentation at the International Conference on 
(Strept)Avidin-Biotin Technologies, Banff, Alberta CA, June 18-21, 2000. 
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"Rapid Fabrication of Patterned Functional Nanostructures via Direct Writing and Printing," Fan, H.; Lu, 

Y.; Reed, S.T.; Baer, T.; Schunk, R.; Lopez, G.P.; Brinker, CJ. Presented at the Annual Meeting of 

the Materials Research society, April 24-28, 2000, San Francisco. 
"Organic-Inorganic Multifunctional Mesostructured Silica Films," Fan, H.; Lu, Y.; Reed, S.T.; Baer, T.; 

Schunk, R.; Lopez, G.P.; Brinker, CJ. Presented at the Annual Meeting of the Materials Research 

society, April 24-28, 2000, San Francisco. 
"Rapid Fabrication of Patterned Functional Arrays," Fan, H.; Lu, Y.; Lopez, G.P.; Brinker, C.J. Presented 

at the Annual Meeting of the Materials Research society, April 24-28, 2000, San Francisco. 
"Rapid Prototyping of Patterned Functional Arrays," Fan, H.; Lu, Y.; Lopez, G.P.; Brinker, C.J. Presented 

at the Annual Meeting of the American Chemical Society, August 20-24, 2000, Washington D.C. 
"Molecularly Imprinted Sol Gel Films for Analyte-Selective IR Waveguide Sensors," Haibach, F.G.; 

Niemczyk, T.M. Presented at the Pittsburgh Conference and Exposition on Analytical Chemistry and 

Applied Spectroscopy 50th Annual meeting. New Orleans, LA; March 2000 
"Compact Phase -Sensitive Multichannel Detection System with Array Measurements of Biosensor Chip," 

Rabinovich, E.M.; O'Brien, M.J.; Brueck, S.R.J.; Yang, S.; Perez-Luna, V.H; Lopez, G.P., Presented 

at BiOS 2000, January 22-28, 2000, San Jose, CA. 
"A Phase-Fluorimetry-Based Multichannel Detection System for Chemical and Biological Sensor Arrays," 

Rabinovich, E.M.; O'Brien, M.J.; Brueck, S.R.J.; Yang, S.; Perez-Luna, V.H; Lopez, G.P., Presented 

at "Optoelectronics, Photonics, and Imaging," April 10-11, 2000, Albuquerque, NM. 
"Biosensors based on laser scanning microscope," Nampoothiri, A.V.V; Ukhanov, A.; Rudolph, W. 

Presented at 6*^ Annual Symposium of the New Mexico chapter of the American Vacuum Society, 

Albuquerque, USA, May 22-26, 2000. 
"Femtosecond Surface Plasmon Dynamics in Metal Films for Sensor Applications", Stock, R.; 

Nampoothiri, A.V.V.; Lopez, G.P.; Rudolph, W. SPIE conference, April 10-11, 2000, Albuquerque, 

pp 38-39 

"Investigation of Electron Thermalization using Surface Plasmon Resonance as Optical Probe", Stock, R.; 

Nampoothiri, A.V.V. ; Lopez, G.P.; Rudolph, W. Lasers 2000 proceedings (accepted for presentation). 
"Multianalyte Sensors on Streptavidin-Bearing Beads" Buranda, T.; Lopez, G.; Sklar, L. Presented at the 

First International Conference on (Strept)avidin-Biotin Technologies, Banff Centre, Alberta, Canada 

June 18-21,2000. 

"Reagentless and Regenerable Sensors on Beads" Buranda, T.;Robledo, T.; Lopez, G.; Sklar, L. Presented 

at the Sixth World Congress on Biosensors, San Diego, May 24-26, 2000. 
"A Surface Plasmon Resonance Imaging System for Multianalyte Biosensing Applications", Perez-Luna, 

V.H.; O'Brien, M.J.; Lopez, G.P. Presented at the Annual Meeting of the American Institute of 

Chemical Engineers, Oct. 31 - Nov. 5, 1999, Dallas, TX. 
"Rapid Prototyping of Microfluidic Components," Jackson, W.; Tran, H.D.; Lopez, G.P. Presented at the 

Annual Meeting of the American Vacuum Society-New Mexico Chapter, May 22-26, 2000, 

Albuquerque, NM. 

Patents and Patent Disclosures 

"Materials and Methods for Rapid Prototyping of Active Microfluidic Systems," Tran, H.D.; Lopez, G.P.; 

Jackson, W.C. Patent application submitted. 
"Robust and Efficient Synthetic Method for Covalently Linking DNA to Oxide and Metal Surfaces", Wu 

Y.; Dolan, P.; Nelson, M.A., Lopez, G.P., Patent disclosure. 
"Rapid Prototyping of Patterned Functional Nanostructures," Fan, H.; Lu, Y.; Perez-Luna, V.; Lopez, G.P.; 

Brinker, C.J. Patent application submitted. 
"Simple and Inexpensive Optoelectronic Auto-Oscillatory Circuit for Fluorescence Lifetime-Based 

Chemicl Biological Sensor and Sensors Array Monitoring." O'Brien, M.J. Rabinovich, E.M; Brueck, 

S.R.J.; Svimonishvili, T.; Lopez, G.P. Patent disclosure. 



5 



Exhibit 6 



7 



AibK5ife>:rt|Hsu ,MM mm. ' 



Lead Invmtor: Biiraada ^ 

,1l0B«, 

liriie Leail Jk:vc;-}5:o5- msy or sssay s^ssl be the lidsscspai kvss-jte) is s ssp<53Bi!>}« fer: 

(2) :&s'ovs;slksg jff;ques5s^ii ffecisaefsta PA(>, STC, tb£ pjstef, Most^ey : asd 

I jmderstaB<l mi tcf wmply -vnth th« r«;isp<5nsibilitles: tfsx^ above Imi Isvsstof ;for 



this 




C^yl Sic, '^Mjoi 



DMa of ooiiceptii-?:5-:: of tfee k^ej^to: 6/1999 

How ws^^s this doxa.;;meBted (^^.g, kb :j:ioitibe>ok, compater disk, photogr^q^h, cham? 



C. Ha§ t:ho mveMi(>n been redoc^^d to practice (e.g. experimeM;^^, poof of prkoiofe, 
pmiotypes, ammul ^^t^-^die:^, cli^iicsloiafe)? J^f vvhea a^^d how: 
Yo:9 alMciiod mamiiveript) 

A. lo voBtOrs' poblicaiion.^ oo thi;^ ^i£-o^^Mion of the of this disdoso?^^' : 

I^ublieatlo?^ D«; . 

3. " " 1^" IhMoM^P^jl:^:; 

4. Fy;biioM^o:j-^Oate: 



IS. Aoiclpai:od invoMO^^' puhMoatioM this bvontkm'^: 

Lliapkl ^s^^d Qimmilalivs^; Dot^otioo of Biomokc^ilos o^/ (^ali brat od Beads io 
Micmllukho Chi^^:li■^^^^l^^. D?^te Submifed ______ Expocted Po,b... Dsfe;_ 

2> D^^te St£ bmittod Ikpo^led Pub . Da^:o: _ .... 

3. Pteo Siiibmittod Exported Fulx Dato::: 

^^^IIIII . Dato JS:^dmdtiad Pub. Omo;:: ,._^^ 

Pieaae iuchKia ^):^o doi:ad?s (Indudiog da^:o, ^^ubject ^natter, and meefeg or aijdi,a;aca) of 
^oy pro>^;antadoo:;5 o;:r talka ragarding Ib^^ inwiaian i^^ada to n05:i4}j^;ivorsitv porxormol 
(idtacb a aopy of tbo alidea or other matei:hd.a oaod, if aay): 

L ''Mdiianalyte S^nsor^ oa SireptavidiofBeanog Bo^^b'' Biirasida, 'P; Lopov:, (P; Skian 

L. (AbMroot attachod) L. Fir&:t Imoroatlo^xs^l Coofere?:iO£? (StropOsmdio-Biosiin 

IPctologfea, B^^oii Cootrc, Albeilio Caoi^da Jooo i8"2l, 2000, (Abam^ot attacbod) 

2. 'Ilgageotloaa aiid Rogeuerablo So^aaors on Bemads'' Boraxida, lb; Ilabiedo, Ta Lopoz, G\; 
Skkr, L. 3i?0ii Wodd CoBgi^sos oo Biosej^j^Oira, Saa Diago, 24^26 May 1000. 
3. ?xa$e5:usmtioai h)^ la>p<^ to (JNR. oo Ro^^eardi progresa UMiO (abdea giw^j to SIC 
Par p?->aviaioaai ille) 
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AliSl^MACT 

We have developed a mw approach for di^^ anaiy^^is of biomoieciiiar i-ecoguition in 
microlliiidic: chaBiiel^. The method is bas;ed on ^^eal-time detectioj:^ of bio.n3o]:ecn!s.r 
bi^5.d:mg ^0 receptor-bewaring Hlk^o^^phe^^^^^ compdsing isffsnity microcol^^Bins. Model 
assays dsmoHs^tmted, include dicect ffuareseeBoe meihock of qiiaBtitativeb defecting 
recogjiidon of mode! ^inalytos by protein reoopior?^ i^iid ligands displayed in well" 
ohamcteOMd afflBJiy matoees. We establish a .model ^^y$^tem for de^ectioo of recogoitioo 
belwem a ^MnocIoBd ^mt^body and the I^I.AG^^^ epi^^pe tag. The a^^si^y ean poteMalJy 
deteoi: ^>i3];5"&TMooioie q^.iandlie5i of antibody with high sigiisl."to-sioi:^e raiio a^d a ];^rge 
dynamic range spanning nes^riy four order:^ of magnitode m analyte eoncejatrado5:3. 
Kinetic and equilib^-ium con^^t^iints for tbe miction of this .r^ceptor-ligand pair are obtained 
tbrongh model mg of Msetif^ responses of the xniomcoMmn and are c^msi^^^tent with tho^is 
obtained by flow cytometj^^ Beoaase of the correlMion betmen ikloetk iu:3d ecfuilib-riui^ 
dMM obtained for tb^ microcobimns, qisantiti^Mve j^nalysk cm be done in mmmm, pnm to 
the steady state e^dpoM of the recognido^ reaetian. ll^e appm^ieb lias the potential to be 
gof^eralized to a boBi of bioaffinity a^^ay metbods ioelading analysis of protem 
completes md mokciikr ass^?mhly and Tiiiore^ystem-b^sed multi-aoaJyte cietermioadon^v 

S^y W^^rd^s mierofluidies, bioaensor^, proteoniies, flow oytoBietry, beads, iluoresceM^e, 
energy transfer 



MIMDUCIIOM 

The aiiafvsis of macTo^U:olecular interaction?^, ^^^^se:mM^es, and tbc?ir SmotiDn is m\ 
essential conipOTsnl of biomedical researcli. 'FMb ^i&jrt m (hivtn by MeimficMion of 
dl^:gsioxtic or therapeutic iarge?t^ of disea^s^, s^nalysis of Mgand bi;Eiding atid eT:s2.y,me 
Mnfstics, DMA jsequ^^^c^ detectlori or analysis,' and blo^^^^nsijig?^'^ Important progra?>$ in 
i:hc developmerit of r^^w teclmologies fer biDmoteciikr analysis has deen in iht mm of 
Microflindfc devices/ Micmfli^idic devtees gmerally consume; :Jsnb-inicroliter qnaniitie^: 
of saHiple s:o,d are ttos w^^H siiiied for nj^e when fhe recpirs^d reagents arcj scaxcc or 
expand ¥c.. Becmse of d)eir sJze, inicroilmdic devices opem^c in a mgime wiiere ^imll 
Reynokl^^ nnmber^^ govern the delivery of finid ^nmple.f^. Fa^t mix;mg of re£tgent?> is o^c 
of Si^veml lissues ihat prosent a inajlor chidkng^> to ibe o|;)?^;j:"atiOii; of :j:mcrofloldJo devices. 
'Dm w ne|ii|ible mertial forces/ mixing of solutes m imcrocharir^el?^ is a role driven 
by difesicsn alone,'"'' and 1^ thorefore slow and often iiioffcctn^e ovc^i ^i^: jnicTOn^eier 
scales. Otter lac tors irtcluding fhtld tran^iport md qum&Mlv^ analyse (chemical 
reaction, product j^eparadon and idc^mifioation) of molecular loteMc^ioos am poorly 
und^^otood and ranst 'be optimi:^d lo ftdly realis^e lli^ po^Bntid of the^e ndoro-devioes. 

A prevailing arend in the devdopmeM of bioaaalydcal as^^ay^, inclodijig those 
moorpomting ooxubiBaterial methods,''^ is the dispisy of bioeheniica] reageom on 
synthetic miorDboads;^'^" '"^ Commercial sources (e.g. Spheroteoli, IL; Bang^, iN, 
Polysciences; PA) for bead-bnsed display sy.?^tems (e.g., eovaleai eonpiing, bioiin- 
stroptwidin, His-tag) are o^^:rreatly avadable. CoBCorrent with this devclopm£^.n,t has been 
Ore advaxK^es; in molecidar approaches to mcorporatmg fb orescent t;^gs to p -oteins m well 



as, bead ba^^ed .^i^rface cliemistiie^ tsid caJibration appmaches that allow the 
sliHly of fe^js^s md^c^ikr intensMb^^^ by flow cytomeix¥. '^'^^^ :For ^eveml vears we ha^^e 
psrdclpMed m tlik teiid ha^^e extenslv^s: s:A|>ens^ics m de«iopmg blas^i?:Smg 

^;tratag!eg tlii^C display ftj^cdonal, fluo^esceady labai£^::d; receptors and lig:ands cm 
micxote^idsJ''^''' Tfe rough tfek e^Kfewor, we hs^s sliowi^ tow mokciihir a^semblJe^ .oa 
beads Ci^n be ai^dy^ed. k a qo^^attt^o ve fe^^fekm l>y How cymmeiry. 

We have beads calibmted with Sow cytometry, -"^^ m plsiibrm^j in ^>^^ affinity 
mk;E-0-c<>IiMm fom:ml for tlie qii^ii-jititEdve det^eetle^i of imaly!;^;^ 1^ n^lcroS^ldic chaiinels 
(Figure 1). The^:^? ^^^^verxs! ^^dvaj^tlsges of this *pp.ros^:c^L- MoIec^:^lar ^^s^^emMk^^ far i:lie 
a^-say are cii^es^ls^d o^5l:=^ido: che:m:^<^:i oo be^ds aiui calibrated wife fkjw Gytonietry.. 
limferxn |>opn]ai:ons of fee ad^^ may fee iTisured thro^,igh rapid cytomeirio sortmg. Beads 
pim^v;nt a lasmr :^:^:;;iEfa0e Ms a for t&a d^^ptay of i?:^eeptors^ tfeiaj^i tlat srsrfeces. This^ k ^. cfcar 
OYor those tecfeoiqiies that ;rely ost tba ndcro paite;m.bif of reactive 
Bioiecojes; oo fia^>^orf^^oe$;^' Mlxiog of ^oMtes Irs, l^rrnmar llow?^ occms by difesioo. Tfe 
typiea! dlffe^sten oo^liiolaai fer blomolemks i on Ihe: qrdor of < liy^em%^^ tk£s mkmg 
fey diffoio:ji is s;l:OW. ilj&pld rn^xh^g io the mkTooos;amo is aohte^^^sd teaas^o iba d&caoce: 
ihat o^oal te oo^orod by dil&slon i:^ Smiterl to d^s (aTnad)dol£sr^dtia! ^paoe hetweea tte 
ciosely pacfe^^d teooptor-bearrj;i| bo^ids. An^lyies am eapmt'od m :B,ow4fe:rou|fe fomm. 
tmB oaob boM oa^^ act a^ a looal co^^iioeritrator of a^MlytosJ^^ Beads oao fee aa^ily 
coa;Siaxed to doteot a^oldpk: aHalyte^. io iho resmcted oo^feos of a rolcoachaooof 
SbniiliaTieou^i deteotiox^ of a divsrsa group of amiytes oao. fee achieved by peoking, 
discreto Siogmeocs of recoptor be:ad^:sg bei:^ds in a ^f£:^gte atfmity mkm-coxurj:^j> (work m 
progress}. 



TMs mport de$cnbes ih^? defection of .^naiytes aad tfe defemdu^ition of Mne^iiiS 
and equillbriinn constants of MBding between Momokcules in njJcrochaimelj^. Sample^^. 
of ^Tex^^s fed labeled aratiFLAO'^* moBocioiial mmbodiss (TR-MJ mAbs) wej:e pumped 
throimh a^s afSiiily mkmcoliimn wiib fluorescein-tagged FLAG peptide?^ on be^id^ with 
known Bile deri^^mes. The mtemction between tho TR-Mi mAhs and bsad?^ was 
mQnitored via fluorese^^vnco re^^Dnancc energy tra^^^fe [FS£T)d^' Moniton^^ amount 
of ligand/roce;|)E)r eornpkx farm^id m. ^ wide range (>f concsmrations of TR-Ml mAbs 
gave acos^s Xq the kinedc aisd eqnO&riiJm p^^i^smemrs of d-^e aMibody-i^i^pdde r^^action. 
Tho data ikn^i aftiniiy micro-coiurons w^sre comparM to data measured in a coiwend^onal 
flow oyton^otex assay. 

Our ultimate goa] to develop generad^od nanofhxidlc sffi^ity matrics^s 
compo^^ed of Sow cyr^moiry cartified siiicrobe^uis bearing Sdo biomoloi^uiar assex^blie^j 
neoee^^a^ry for the precise, specific and aen^ittve detectioa of cboimeal a^id biological 
aaafytes. BocauKc d m possible to smdy tde dynamics of Hgmd-receptor Intexs^clions on 
the beads with How oytometry, similar expmmOTts ni rriicrochiinneB wiO: enable 
researcl^eo to dolineate d^e Kmiia of microilaidic pertebadon. 

RESIJIfllS AND B!SCIJSSK>N 

We previonsiy ii^^ed j^coinbmado^i of flow oytoni^^txy and speairofioodaietry 
to analyze macromolecakr mieraodcms on d)e m:f^ces of micTD.^ipfieresd'^ The work wa>^ 
motivated by fee need to develop bead-based mediodologie:^ ft)r Mgb tdrougnpnt 
proteomic^ assays. Herein, ^orMce calibrated beads axe sequestered in niicrofbidic 
ebann^ds (Fignra 1) and o^s?;d aa platforms for the dyimnde ajid qisantitative deieodon of 



biomoJecules at ?.^.^b-iX5ictoIit«;r vofcme?;. Tbe mioraffuMfc eharmek were made feam ajf?, 
dastoiB<?ric poiymer, poly(dimet:hy!^iIoxa^ie} (FDMS), whs^:r^s coiivenie^nt abric:^uioii 
i;e<::hniqiiss allow for dimexisiojis as i^mall 10 sim.'' The px?towpe ^^llOw^a in Figure I k 
composed of a microxlaidic cha^^id, 3 cm loxig/wilh typical dimensions of 2S0^im by 
SOpm in. breadth aHd depih, patxemed imo si FDMS ela^toir^er adbered to a gjass slide 
si^pport WitMii the microcba?inei, obstriictive featiims 20pm i?p:;;Ht ware paitexiied as 
SBers to hold 30pm baad?^. B^^ads were packed by iiij^cdoi^. of Mispensian?>, starti^ig with 
a foimd^^lian of SOjim boros^Iic^im be^^ds followed by iM affinity micro-c^xknim layer of 
diirty &oiisaod, 6.2pm ^tr^^ptavidm coared beads. The steptayidit^ coaled beads boi'o 
biottoylaied moleeiiles of interei^t. A Uisefol dimeisaloa of tbe active niferoeo'lomn. k the 
volome of bead intersdda] ^ip^^^e (:^^^ 4I^s^.L tbr the 600pxo long mkimn) tMi >^erves a 
reaetor vessel wUh an i;il:dmkaUy te^^ge yin:f ace area. 

We have selecfed Modn (MW 244 J g/mole) and a ^:^ioaee!orm Mdbody (MW 
150,000 g/inole) as prototypical aBalyta^. representMive of ^malJ a?^d larfe Bie|a:-a?las 
respectively. The sqoillbrmm snd kinetics of bindmg a^id di^xociatlOB of these two 
^^ys^eoB have bean cb?:im€ted^^&;d md xm^mnbh weO, undeTHiood.^^^-^^ This enables as 
m make eompaji$on:^ of qoantitadve daia collected wbh flow cytometry a:ud micro- 
eolosms.. Tl^e pm^^^^ice of d>^j Bi:ai:lytcs is moxiitoocd io, real dme by SO'ivre^ceBee mten^jity 
increase^^ for detectioi! of biodo, ?md FRET for the detactloB of Texas Red labeled 
Hionoclanai andbody. A salieni; fbamrc of 5;hl^ analysis is tbat fee miliaj iriteri^ity of the 
beads corresponds to a toowo, concentration of sorface K^aeptora. Thos, i;he sobseqoeot 
eha^iges from the inidal inteo^^by roiali^^g bear defi^^ite and known relatb^isbips to the 
amount of captured a:f^alytes, witbout coateibadon iiom UBbooiid sp&cies. 



B^mcUmi of N^^tlTe BfotiB Via FleOTe^^e^.r^ct lliii|mn^;^lrii^:g M WMomscm^ Bi^Mm ft 
hm been previoiisly Hhown ih^it imckr certain circutm^^^nccs, bindi^^g of llnor^scent 
iig^j:ad$; to steptavidin is character^^s^d by fee aimiicMng of ilii^O'res^enca of bound reladve 
10 fee ligand^;^^^ Typicany, type of q^^^encMBg ("o^&lch g^jss^ching'n oce^^^.^-^ wb^^n tM 
xtxmoolmm Iliiorescem) risofety of a biotiBymtssd iig<md i^^adates witb receptor 
pocket ^iifjaeent to the biotii^^ moiety bearixig ?.ite (Figisre 2). Ostrich guanpbl^:i,g 
de^psndent on and ^:tereochenM.^try of fee ligE^d. Wb b^;iv^ previously sbow?5 

tibs ktemcdon for fliiam^cem blotm to bo very w^^ak (E,^:-^^ 0/!)d ' re^^dlly obstmoted 
by native b:bik.- '^ ^'^^^^ Tbe bmding of fmQmcem bbun 1^ o^eess zombie ^>i^^q^tavidin 
resuii^s: in >90% qooBCbij^g of the. thiore^^eonce. Addition of native bioda ^ecover^s the 
oxigbx&l imoii^ity ^;^Bder dif:fo.sio:^idimbed :kiii£;dc.s. Tl^e exl^id of qt^etiohiog and recoves-y 
OB beads depends otbsit^:^ oeeupaiicy of the fleorescei;?^ biotito The data m Flgore 2B 
:shows, a nvelbld immM-^ m mmsity of flmmmmn Umm^heMng beads resorting bH>5:n 
the eltition of a 2|iL: adqaot of 3 oative biotiio Itm ivo-foki ibcf^ea^e in i^:ii:eE^ity was 
mrnktm^i with a resole trosB a flow cyiomofey mea^^oieme^t (data, aot .^bown). The d^ta 
sbows good sipiai to oois^j ratio (0,:). The r^^agB-bode of relad vo to o^ is likely doe to 
die dismptioo of die pacldog of ImMs of on inidai coataet wbh the pbig of saBple. It is 
Mkely mxch dmixpikm cmi be iaioS:rm:^ed throiigh optimlzalioT^ of bead paeidog aod 
sample i rriiec bon pmcedtn-es , 

The toao.^p<>rt-ltoited kinetioa a^^d high affinity (L.^^- ^b^O^^^'') of the bmdlog of 
blodn/streptavidM^- allows os cbaracrorize d^o flold flow ptx>pertie^ iu^ide die ohan^ieb 
Tbe volume of the reaetor vessel k eomptis^^d of liKer^dtial mm^ between the receptor 
bearing beads, I^he average bjx^^ a molecule to diffit^e across a distotioe d in i <cf /2D 



lap^je for difm$ive C05:^iact batw^e;i^^ t'h^^ biotm rec:epiar ?iurfece coOTsp(mdi^:;;gIy 
^^mali B^;cMj:$e ol fe ;fa:Ct the feiolln ,1^ iMf e ^ic^?ss of Ib^ :^rrepca:vyk i^^cep^toris. 
the leadiBf edge of the fJuii pa^se^ tfemogh ite calum?;^: wko siegligible dspletiiJii^i of 
bloti^. A iirect oao-elation c^?:^? thaw&re fee made Mtwea?^ the tlT^^^^^^resolwd :ii:jcrea^>e 
mtensit^' aad ths veiodly c^f t&e fluid. B^ised s)a fee data m Plgis tlm ftow r^^J^s 
Ibrougb She colum.^ (^^^ 4.0 nl. lt^lor?>ddal volume) is o:?^ ttie o^^ii^r of 1 .6 bIj 'f Becmi^^e 
ifee hfetisi o^ipodme^^^i l>i esgs:T^ti;d|y feve:?i:0^1e smpte it ^>om::s a ^iseful ^alibmtfei^. 
standard of tba afSiiity n^icm^^colom£5, si^mI i^ojilitate^ tbe amaJysIs of Che more oo^s^plex, 

Detectfeii 0f Aatl-FLAG Mo^-Kj^lors^l Aatfb^:)clte^^ ¥la FIET le Mferodiji^raefe,. 
:H|Mtope tafgiiig b a widely pmeecod lechBlqiso >ised to piidfv^ and ;^edy stmcmxo i^;j^:d 
fu3;so;doBal pmperd^;?; of pro^:sln?^r'' '^"^^^ 0?5£s m &m mom, common epimp^:^ ^^sgB is d>e 
FLAG''' BV^^Mm tim roller cm tbe BLACr"'' octipeptyo (» YEDESODK) finbrn tag tbat 
r^^adiiy a-^adablo BioiioolO'j^:^^! aid bodies. Wo: bave o:bos« dii$ sf ^^tem m a n^odel for 
development of ge^^erelkable as^^ey:^ for proiems witli k:jiOw'0 epbopos. We bn^ve 
:^yi^tbe5Jiied biobBylSiMd ^od fh:^:oi:osoelB lagged FLA(F^'^ pop dcfcs, attaobod ibam m 
^tmptavldin-eosted beads IxlO^"' pepddes/boM) e^d used FRIfr to analy^c:^ tbeir 
bi^omotieti widi Tsae^ Rod labeM a^Mi-FLAO CTE-MJ] me^ioolLmal ai^^tao:d:5ee (mAbe) 
by flow eylometry."^'' 'fc^dts Ifom study aro compare d to tho aiialyticai data eolketod 
i;?^ d>e: affmity mkro-eolumoa: doj^cnfeed hex e. Several ecmcemratio^sa af TE-Ml mAb^> 
wore ai^alya^d widi afffeit:^^ Hdoro-columBS- Tbe :re;iiia:ts: are sbowa in Figers^ :i The 
passage of TR-MI mAbs ifero^gh tbe afnaity ^iboro-eeleio^i of FLACf ^ pepbdomeariog 



beads w« mor^itoiml by the (FfiET) q^:^jjcliHi| of (he llBarescem tagged H^AO"^ 
pepiide luore^ce^^ce. 11m tlMo^:j prj^ctke of FRIT are well DndeT^>^;0od ^.?id 
documented/^^ *-^- Tiie level af FRBT smcl&^^cy depe:?^=:fe on the average dollar acceptor 
JisiMce. & order of dmbs^ ths: kd^fe^;^css of Filif rssiolliog from psptki^/siOi^ibodf 
biodijig, aoribodlos wore llaores;ce:5i:|ly !a,bo:ied wifh high kvel^ of the 'l^^xas Red 
aver^^giof ^^^^ 6.0 tj^^s/a^^tibody.^'' 

1:?:^ Hg^:s;re 3 A, v^^rroi^^ eo?i:Ce:^icrMlo^5s of Ill-M i were eloped tbmogli tbe oolomn at 
were nofflMiMed Co the 5:JM^;:ioi iTitoMity ot the be^ids before 
pM^^:^^fe Ihroogh rhe eolyom of a tyrp^of of TR-M.I BiAbs. T1^:e data, li^ Fi|Bre 3A 
wero St; a kioetk model ?:::bowo la lqi:^;adot^ L o:spre;^sed ieros of bJmoloooMr 
iiKoraefbns difra^i(>E-:iimited condiiioos. 



(7 Q Tep^esooi tliO eoooootmtloo^: of ^md&Ddy in the bulk ^orf M tf^o liqistd-ssolld 
|:?^:ter&co i^^pecdvoly; I^^^ is the sormoo eoi^eeotratio^i. <>f FLAQ'^^ popiide^ booml 
im.d:bo<lle^; f^^ Is the :^;ortM:e oooco^istioo of o^mo^iod: pepildos; aiMl i^i^d 1;, a^-e rte 
forw^jrf axui rovors^ k:;£netio rate aOnStMt^. D m the diffbsiOB t-oefficioot of the andbody 
and S ddokBesa of tho MoMj-^>mie dilfdiioo-convecdon dooodory kyor e^tahlfeded 
by fluid tmosport in wMeb we s^^gomo Imear grmtot ooooootmdo^^s (botweoo C'^ aBa 
Cy. 'f he pamiMicr D/S .mpre^e^is tde effects of dil^la-^iw ixst^,?^pori of Bmdjm m the 
smf^^e^ reoepLOji. Tdo lijiogral toon of tdis oqos^^iOB 




lo thk ^^laatbn Cl- n^/r^ , where f ^ (-r^>v a) represf^'j^ts total xl^rftcc^ 
concaBtXEtlou of FLAC? peplide^^. The eqaatiem conipo^ed of dimen^^ioales^ 



?lme rbat cl-mTactenxe^^ tlie dif&si(;m pmce,ss, L ™^ Lsiiit S(|i5>5:res error 



^^^lmm:i:Mdo?'^^''^ betweeji ti^iis i^i;^imtlo^;i s^^d sxperimesitai ilata wa>^ pe?&rm^d with, a 
Nelde^MeM Simpk;s; algodte. ■ For n 6 J diameter bead wllh lif mmpUm per 
tead, .P - I JSxl0''^ mal/dm^. It lni|?o?lMrr to 3^^^:):^e ihM disper^loB of ds^? Bai:opfc pli^g 
aBd d^pfei.iDT:j (e?ipsci^:tlly with diJsjl^ ^ample>^) of I mAb^^ occaT^ whfcb. re^ii^Ois in a 
gmdfent of f\^.. B^caos^ the dets^otioo olf blMlsig pr^5^:;:^^:?^$ iis teterpaiited over 
wbote oolomo a B:impiilyi?ig i:i?ii^mBpdon that .Oit^g^^^e-s pMfc.nt;^^ is m^d^^. The gt:^ to fee 
^;^peri:mental dMa yfeld the :fel!owfet| pam^ster values: i;. - 133 ± 2>S oM:, % ^i^^: (9i) ± 
6.0) X 10^^ M s \ % ^ (1 ^2 ± 0 J) X 10^-^ £M ^ (1 .0 ± (f 9) x Hf - dm. r ^ whe?B the ermr?^ 
d^:e ^taj^diird deviMiosr^ tor the constants doterOBited Ixoxn the fittiop of sacl^ 
sxpmtoej^^iti^J rsc-a. The kioedc data are the :;^a£Be order of reaf ^Itede with d^a mpoTled 
ia: tfee lltemtaro oo iimilar asitlbody-titlgoe: ijite^^^vdoKS.''^ Figs jre 3B show?^ th;e an:al:pis: 
dam oolkcfed a&r the eluderj of 2pL pteg^^ of TIS;-M I oompteiie. lie e<^oillbnom 
dis^^ociatioj:\ co^stMt (l'^:) from thi^ ^soalyisti^ Is ^^^10.0 iiM, which is to elose agreemeni to^ 
d:s.e derived from the kk^ede rj^odel, K.: - hj^/kplBJ jiM. The eoit^ervsdoit of 
micro scopie; reversihillry. as ^showr^ by xhm oio^se CvOo^siMioii of d^te-^uiy stale mbi kmmm 



data imMmim that it is pos^^ible to msite ftist d^termliMtkns of solofefe mdyte>; bas^^d oft 
the dvi:j;:^mic re;^poMe of i^e Solw mfeo-coh-^mTL 

flow cytometxy. Figim^ 4 is a dgmoldal do^^a response cervo of flow cytomotry d.atf ^ 
ii^liif FIACJ^^' popt?d^^.teCT| b^^5;:ds aud TK^MI m,A.i^ t^io^i &oei tte ^i^me ^?took a$ tls;^^ 
reage^^ts osed: liemiB. Tie How oytomeier ^-eadlBgs w^^r^^^ mke^v slier 30 mino.^s: 
ln£;^il)ai:l:as:^H «:f bsii^fe with Tt-M;i mAfos. M comptoisoa :, fee aMiiky imaK^^oofemi^ data 
wore 5^ad. ^tfter the s^lu&m of the 2jiL voMma of mAbs {^^^^ 21 mm). 11m ilow cytometor 
i^jli^^adi^y reMing^ <fe:dve Itoih tho o:^i^^:u5 ohoo^ssl fksoTmoe:?^-^;'"^- '■■•^ of b€i^d-bomo poptldo 
lluoro^cence alter oiodmg of TR-Ml o^Ab^v. 11>o data ^;sre oormdl^ed to the ioieosky 
befo:£x^ FkFF q;u^;^:ncbmg which roBute from aruifeody hijKling. The diBsoci^:Ui:on coosmrus 
doreroimed fern flow cytometry (4,0 aM), the affiolry mioro-oolomo^ C b)^0 iiM) a:re 
ii^ good agn;o:moEt. Altboisgb diffeCTs;^^^ :m thsj d|^;>ocbhio^i ooo^O:^^^;ts ar?^ witMa 
o:?{.pexte :0:n:tai er?m, it t$ po^^:stble thM she deriwd ftom. the mdty mlom-coh^mi^ d^o. 
i^^. togor b£€-s;:OSe a portions: of mferi^thia^ boM spaos wm j^ot ac£:osi^lblo to tim ;ffowio,g TR- 
Mj mAfos, thi^s kavfcg ^^j-o^^ll pos-oeMago of &o p^^odde imo%po$od to mAb;^,., 

Fm-^poots fer Am^l|lio Moib^^fe. lo d^:b w^ork bo:os sbow^o that flow 
oytomotry characf:»:;£od bead^ io mkroiloidio chimnoJ^ aj:^ vkblo platfooBs for dynaodo 
q^iantitailvo s.o,y:y$k. Tbor^^ are severs] Importa^^t Ibamroo of Ibis as^riay worthy of 
empbasis: .s^o-j^lf/ol^y. j-^e:^po^:?^^i^ ^:fy??omfc r^^ngo o?:?=d ^•oo^^:oo^y. l:o tho cu^xom 
configi>ratio^i, k m po^iibk to deteici: fomto-moJo r^^^^age of proteio (©ASoM - 4>S i:M 
our^s:^ 01 l-%uK^ 3). Th^^^ biflT s^:igr^al lo oobo rallo of &o$e ^^^^oap fe d^ss: to fhet feat 
d^o ^alyte are dark (hiotla) or do oot co^^tdbots aoy booteoo:od (TR-MI) to dio ohaoge 



in tte finors^sce;ncc^ of the fiHomscein tag. asss^y hsss a wide d^^namic rmim spanning 
B^arfy four ortbr$ of mag iiimde of aaalyte ccmcm^xados^. The good corr^Jaoo^ between 
k&sotte asid eqislllforkim data maifefe^^: one ^io deteoiime eo^contrndoi^s aBaif ^^gi^^ Item 
dynamic rospOM^n th^as ES^^ap- cm be eamod oot in a low miouie^^, ;?u|)pla:riui^g -ho oeed 
for ^ime c€;^;^;^is mmg .^tea^^y s tM^^ end polo t ss^^s ay s. lo prs-d mfensiy expsoimos^l;^^ , we have 
doiermlBed feat die de^^eodo?]^ of TE-MI aod a FRET l^lookiog Bon-fteoi^os^^l peptide 
ca^ achieved m a eoiurolled m^moor ii^ aa ^midyio lUild oompdsed of blood somm a^:^:d 
bBflfer. Tills mdkafes^ tba:^ this ^^i?^say fo-rmt n aBeBabie to ciolcal s^pplieado^^s. 

£>^?me^i^?^a We ssre oorre^itly do¥oIopm| a midil-ax^alf to m^;:dei sys^om 
■co^^i^pi^ed of di^>crete ^e|:moo£:s of 1>e:ssfe di^i bear diMioot x^cepta^rs fc?r the simultaoooa^ 
d^i^tection of diverse anaiyles (Mgure 5). S-mce these a.:?sayi¥ ooa^ome v^ry small saTripfe 
voMm:e$, maitiple ^eais o^t^ fee ma, iderelbre sa^iog oo expe?5^^f ve ^:eagems. 

MMorkfe. 6.2 urn diameter streptavidia-ooated poly^tyreoe bead^ (Spderetecb Inc-,, 
LieerCfville, :IL) were oblaioed as 0J% (w/v) suspaasloTis according to the 
mjaiafaetoref a data sboeL liemoeytoiiseier aoalysis of die &ead^> receded the 
conceotedoT^ of fee parddes to be i?^ die rai^ge of 4--5a10-^ beads/ral depeading on fee lot. 
B i o t i o , floor e ^ e e 1 o b 1 o t i o ( S - ( ( M~{5o:M-Cb- 

{ :bi0tfe:ey::Oamds:O}bea.a?>e :s d { d - ( ( 6 - 

((biotin)-^l)aaiino)l'is-aa acid, si^midoddyl ester (biodxoXX, SB) were 

■pai^i^da^iod, trao^ Molecal^o- ftebes ?;Eag^ae, OR) aad osed wid^oat fcrd^ef parfjaeatloa. 
Aiid.a.Aa a^^lfeady wa^:^ pareb^ad from Sigma Chemical (St. Loal:$, MO). B:iotiByla?ed 



find fhAo,re$ceinated FLAG peptides (biotinyl-E-aiiiino caaroyi- 
£K( tu0]^sceiru KDDDDKYD -^^^i^2 ^ 

and K(iIaoresc^in)KDDDDKYD^^NIl2) "^^^ sfr>thmimd at tli^- UniYei^^ity of N<^w 
Mexico Frocein Chemistry Labor^^:^.ory. 

D^termliMtloE of Affinities of Fl^iore^eeiit Llgaiid^ Bmdtag to Bead^ via 
Wlumem^me m4 FM:ET A^^^lys^^:^. Experimemal demiJs of rhese ai^alyse^s Imvb been 
described d where ^ '^"^ however, bnef descriptio^i?^ provided, for cfi^rity. 
Ce:nf:rifi^.giUiori a.^^>ay^^ were u^^ed ds^t^^rmine th^ biodmg cj^pacity of biDtinylated 
SuoreaceM ligaBdn, to beads where the airioisBt of boiuid Bga^^d was detennined &om £b« 
fluorescence inieai^ity of the re^^iduM super^aianis ugmg an SLM-Aminc:^ SOOO 
spectmfiiooiimete^r (SI.M: In^trs^^nenB, Rochester, NY). The re^u^^pes^ded l>ead>^ w^srs 
a^^alyzed by flow cyiomeiry u^iog a Becton-Dickl^ison FACSoan fl(>w cytometer 
(Suimyvale, CA). The ^iver^ipi Huo^-esce^-^ce ob a sing:ie bes^d is cosiverted to the nosrd^^er 
of fhiorophores per be^id on the basis of ,Sm^' cyiomotric caiibr^rLion b£^ad;>d^' - lAmdmg 
afimily of biotioykted ]iga:nd^ fbr thdr reeepM: antibodies w^^s dete^miiaed la ^datiou or 
Oil beads using MET. 

Frepi^ratlos:^ of Mierocb^jBiAefe> The nxicroOoidTc ehannels were, m^de fram. ixn 
Smtojjw^m polymer, PDMS, following published methodi>^ ernploying standard 
pliotoHiliogr^5.phic te^ctoiqsaes. 

PsicklBg: of Mierocfe^BBdg wift Beads, fo: a typiea.! e;s:perime^^i, a 30|.iL aJiquct 
su^jpes^^^ioii of 30 |.im beads 10^ be^ds/r^iL) was imected mto the etoiird (Kgijx& n 
with a HsiB^iltoB syringe. With the filter acting a baxder to bead flow -thro ugh y the 
B^^jper^at^int wa^ gently rerxioved feom the eli^^iviiel with the aid of a peris i:al.tio pump. This 



was followed by a 30^ |iL vohirriie of :OiK>rs^^cent ligaivd"beas;in| polystyrene; te^y^ {=^^^ LO 
10^ bsad^^miL or 30,000 bsjada m the^ rmcrD-cbannel) m Tm miM (pH 7 J) 
€om:ainiiig QA% BSA... The colorrm wa-v allowed to durkg ths-peri.?it;allk piimp- 
s^^^i'Sted filutlon of ssYeral micmlit^r^i of buffer, Tto elulfon of baffer rhroogfe the caiamn 
allows for \hB coajing of thei^DMS micro-chs^^r^ieil with BSA, ttes n}im:mi;£mg t&e 
potenthi] fbr non-specifb adsoipdon of proteins and peptides to rb^^ walls of fee 
ima^Dchani^efe m ^^mq^imt bm^i>. Oiim pmkm, tim caltmm was r^^adv for iiMe. lu thi;^ 
work we used stroptavidin-coated beads, wh:i:oh bore Icoown qoaiUitie^ of eilher 
fioort^^ceiT^ bioda or fli^ore^osi^i FLA,G pef^dde. Their m^pocti 'aiialyi^^i' compxif^ing 
oalive hiotin or Texi^?^ i^ed t^^ggod m^ti H..AO ^uvliibodks were u^jectM Ijiio the chamel 
2pL aJlquoi:^. The dme resofv^ed i^iteraodo^^ between the aoalyto aolniioim and deads wm 
mcmitored on a Mod^^^l Flooro!og-3 SPEX fki^iiifi^^s^fer (Iiistrio^ieim S.A,.; Bdkoo NJ) 
o^iog 4SB am. laser mmMtion. fommd mm tbe O.dmm loi^g portion of tte coluimi 
■eOT^ipri^^d of the fl uoropbt^re-beanog boiute . 

FteoresoeiJi Elotli^ ColEmn. Streptavsdin coated beads boadni 1 x 10'^ 
flo:omph;Qtos/bead wore p^^cked mto the micro-ohatiuel ftd^fe Tho mtalytg; fh.dd 

(3.0mM: blotdi m 2p.L) was added to the cdunm mA monitored iT^ct^^asi-^ig emis^^ioo 
intenj^^ity of tbo bs^ufe a^ d^;e fluid Sowed dm>ogh d^e oojumm. 

Flsjore^^c^eot FLAG Fepiicfe B^^isrlBg Be^^d^. Si^^^era! tflliidty iTOCit^-ooIamn^^ wom 
p:5-epm^ed using l .Q^ n i(f peptJde-s/be^jid.'' 2aL piiigs of Te^as Red labeled Ml a^iiA 
]-T.AG Eixmoolonai andbodfes {TR-Mi) wism eloted at varying ooocentmtioiss in dlfid^^tJt 
affinity mici:o-cob.^roo?s. llie binding of the antibody to Ibe H-vAG pepdde wm in.orib:ored 
as (i^iKncMrsg of the peptide oiidssioo . 
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Figure Caplfe^:?. 

Flg^:jre Is Schesiiatic of a .Hiicrcfliud^c sipparatus showing the co^mgiiration Ib whlck 
.?^ample w^^.^^ delivered aud Suoreacerice .m^a:?u?BmeiitB ^aken wilb .a ^pectrofluorirD^^ter. 
Elastomc^ric siJiooi^e: microchaniiel, nK^onted on glaa^ slMa with iwo openliigs &:)r s^imple 
disHvery axid egress;. Tim mkto-cimmM u 25Qp:ui wide, SO^-Sxn d^ep ^^iid 3 cm long. 
p£;:ttemed feature:? Onset) 20um apart, act as fi!t(?rs fer holding 30pm boiosillcars bead?;. 
Tbirty tl^oasarsd, 6.2 am strt^ptavidiis coated beads forni a ^ 600pm loi^g affinity 
mcromkmm. 

Wigum 2. A> Scheo^a^^ ifcpiclioa of: (a) fMor£;seefn blodn boiuid to ^treptayrdlii and 
sab^^eqiient (''ostrich' j quenching intersection of fiuomsceixi with a binding pocket 
on tho: .str&ptaYidia, (b) addidoir of nativ^^ blotln blocks ostrkb q'^.^e'nchit^g loading to 
incsraassd on>lsi?^ian iiifei^slty bj^ ffuorophore.. B. Additio^.^ of e;^:cess ^adve biodn to b^ada 
in chajanel cmi^e^ a iiYe-foid .mcrs?ase i^. ^1naaf^i^cence, corraapotidlng to tfe procoi^j^ m (b) 
m d^e scheme above. The time re$o1ndoa ma^itg ibe progress of the fluid tferongh tte 
coliiron. of bead>^. The aoiss? kv^^l is indkaied by i\ aad xi^ beibm and aHar addiidoii of 
native biotin. 

Flg^r^ 3. A. FRET tran.sdiicsd psssaga of a 2pL pkg of I e;^^?5~&ad kbded :moBOdOBal 
and-FLAG antibodies (TR-MJ,) thmiigb affiiiity Biiam-colima^^ of flaoire&cein L^ibeied 
Fl>.AG p^pti da "bearing beMs. 'Fbe points rafer lo tJie nomi^slimd intemily readings taken 
during each mn. The lines represexit least ?sqoams fii^i to tbe data fuamg Eqnadon 2) 
maoltlBg m the deterrninadDn of the a:verage association and di^^soai^tio?:^ rato eonstarjt^^: 
(9.0 6M X JO'M^' ,rV, ^ (:L2 ± OJ) x 10 rb B. Sigmoidai dosa".?^esponsa 
bmdlBf curve of TR-MI mAb^ obt^^^ined after pa^^ sage thmi^gb, the affiniij^ inicmcoininn 
(Inset). Aioag tbe y-^^s, ts the initi^^l lEtisnsitv of beada- 1^ k the k^tensity of bead^ aSer 
binding to TR-MI ixiAbs^ of a giv^^T:^ coticeatration and I^- corre^sponda to the mtensity nf 
beada after biiidmg to the satiirating conoentration of TR'^ML Data rapt^^^enrs ths-ee 
diffec^m n^^a^iiremant^ per aoneantE:adQ:a of TR-Ml. The diasociaiian coBStaTit from die 
anaiyals ^ 10 



FlgMre 4< Blsdiag of TE-^MI mAbs to Ijei^d-ljoms FLAO peptides k How cytcsmetxy 

(mset) of bead su^peDi^ion^^ incubsied with famous concemrgtioa?^ of TE-M! BiAb£^, a?id 
:m:smi^yi to bead i^^^ten^i^y prior to e^pcsors to TR-Ml mAte. 

f Igtsrs 5. M^xlel iB^:^!ii-:i:^i^aJye desectlosi from s;egmeEied af fmiCy micro-cobimji 
eos-jil^dsed of bead:^ feeMij;^g srecep^^oo for diffeaj:^! ia^^alym^ (A,).. Each asx^^y m^^y be 
asiiociated with differerEdy tagged: ieeepiBr$ be inte^Togiled m given, excitation 
waveleBiih^>; i^smI X,,,,Ci) :m^^|)e£^l:i:voiy. lids appmach eai oxpaBdabfe to iiiclude 
pmdifei mliMiBidk ?^^sjts=;^cssfa, with :tediv|d^;iri sompfe ddi^^r? or a single o^^e wdfe 
s^^^^rai do westroam branede:s. 
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